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ABSTRACT
Suicide is a major public health

problem in the United States as well
as around the world. The significant
role that alcohol plays in suicidality is
well known and accepted in the
scientific community. The use of
alcohol does not necessarily lead to
suicide, but through its action and
effects, alcohol is an important
proximal risk factor for suicidal
behavior. There is very little data
showing how and why alcohol exerts
such tremendous influence and
“lubricates the gears” to propel the act
of committing suicide. This article will
elucidate the complex relationship
between alcohol and suicide and how
alcohol use can lead to suicide. The
article also describes how alcohol
affects brain neurophysiology in
regards to suicidal behavior.

INTRODUCTION
Suicide is one of the leading

causes of injury and death
worldwide.1,2 Suicide is ranked 10th
among all causes of death in the
United States.3 An estimated 11
nonfatal suicide attempts occur per
every suicide death. Risk factors for
suicidality include mental disorders
(e.g., depression, bipolar disorder,
alcohol and other substance abuse
disorders). Other risk factors are
environmental (e.g., marital
separation or divorce, job or financial

loss), social/cultural risk factors (e.g.,
lack of social support, sense of
isolation), prior suicide attempt,
incarceration, family history of
mental disorder, family history of
substance abuse, and major medical
illnesses (e.g., cancer).4,5

Alcohol use may not lead to
suicide, but the action and effects of
alcohol abuse can “lubricate the
gears” for suicidal behavior. In an
earlier study, Kokkevi et al6

demonstrated that a suicide attempt
approximately doubled for every
additional substance used. The
quality of alcohol is also important. 
In a recent Russian study,
Razvodovsky7 demonstrated that
vodka consumption was significantly
associated with suicide rate for both
men and women; however, the
consumption of beer and wine was
not associated with suicide rate.
Alcohol abuse is linked to

impulsivity, aggression, disinhibition
of social norms, poor judgment,
abnormal speech, blunting of the
senses, and increased pain threshold.
If a person has other risk factors for
suicide, the above-mentioned
behaviors facilitate the process of
suicidality. Alcohol use disorders
(AUDs) frequently affect the course
of mental illness, such as depression,
anxiety, schizophrenia, bipolar
disorder, dementia, sleep disorders,
and personality disorder, especially
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cluster B personality disorders.8 The
addition of new mental illness and/or
worsening of mental illness is an
important contributor in precipitating
suicidality. Alcohol can cause and
exacerbate symptoms of mental
disorders.9

Alcohol dependence often
increases an individual’s vulnerability
to environmental and sociocultural
risk factors.5,10 For example, in many
instances, alcohol is a cause of social
decline, break-up of a marriage, or
loss of job and family ties.11 The
resulting social isolation is a potent
cause of suicidality. In addition,
alcohol dependence leads to loss of
self-esteem and subsequently to
depression; these psychological
changes may predispose an individual
to suicide.11 Overall, alcohol abets the
entire process of suicide. In this
article, the authors demonstrate how
alcohol facilitates the mechanism for
suicidality.

METHODS
A variety of tools was used to

compile available literature to form
the basis for this review article.
Articles were searched by use of the
following key words: alcohol,
suicidality, lubricant,
neurotransmitters, blood alcohol
level, anxiolytic, lethality, alcohol
influence, chemicals, social factor,
cerebral cortex, limbic system, and
neurotransmitters. More than 300
articles from 1960 to 2012 were
reviewed. Finally, 82 articles were
selected for this review. Selected
articles mainly include retrospective

human as well as animal studies and
review articles on alcoholism,
suicidality, and neurophysiology for
either one. Statistical data from the
Centers for Disease Control and
Prevention (CDC) and National
Institute of Mental Health (NIMH) for
alcoholism and suicidality were also
included. No specific exclusion
criteria were applied, but articles
were selected if some correlation
between suicidality and alcoholism or
neurophysiology of alcoholism and/or
suicidality was explained in the
article.

DISCUSSION
Alcohol and its association

with suicidality. It is generally well
known in the scientific community
that alcohol plays significant role in
suicidality. Alcohol is at the top of the
list among drug-related suicide
attempts that present at the
emergency department (Figure 1).12

Persons with alcohol dependence are
at a markedly elevated risk for
suicide.13 The following information
illustrates associations between
alcohol and suicidality: 96 percent of
alcoholics who die by suicide
continue their substance abuse up to
the end of their lives; alcoholism is a
factor in approximately 30 percent of
all completed suicides; approximately
seven percent of those with alcohol
dependence will die by suicide.14

Recently, McLean et al15

demonstrated in a study on patients
with schizophrenia that there is a
significant association between
lifetime alcohol abuse/dependence

and suicide attempts (odds ratio
[OR]=1.66; 95% confidence interval
[CI], 1.23–2.24; P=0.001). Lejoyeux et
al16 conducted a study on 180
patients who were examined in an
emergency department after a
suicide attempt and compared them
with 180 control subjects paired for
gender and age. All patients
answered the CAGE Questionnaire76

and the Fagerström Questionnaire.77

This study concluded that 43 percent
of the patients examined after a
suicide attempt presented with AUD.
They had taken alcohol before
committing suicide more often (61%
vs. 23%) and had more previous
suicide attempts.16 Branas et al17

conducted a case-control study on
149 intentionally self-inflicted gun
injury cases (including completed
suicides by gunshot) and 302
population-based control subjects in
a major United States city. This study
demonstrated that acute alcohol
consumption (especially to excess) is
associated with higher suicide risk by
gunshot.17

Similarly, retrospective studies of
suicides consistently found that a
high proportion were committed by
alcoholics (varying from 15% in
Southern England in 197418 to 27% in
Seattle in 196019]. One-third of those
who died by suicide were positive for
alcohol use at the time of death.20 A
sizeable proportion of male and
female suicide decedents were legally
intoxicated at the time of death.13

The evidence of these retrospective
studies shows that suicide usually
occurs at a late stage of alcoholism.
Ilgen et al21 noted that among those
with an AUD, a greater severity of
recent drinking is associated with the
greater likelihood of suicide attempt
and suicide mortality. 
Although the origins of the close

relationship between alcoholism and
suicide have rarely been investigated,
the relationship is readily
comprehended. This prompts the
question: Is alcohol consumption
really a lubricant to suicidality? The
fact that countries that were former
members of the Soviet Union have
high rates of suicide and alcoholism

Figure 1. Selected substances involved in emergency department visits for drug-related
 suicide attempts by young adults, by sex: 2008. Source: SAMHSA
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supports the possibility that alcohol
is the lubricant to suicidality.22 This
lends credence to the possibility that
suicidality needs a lubricant to occur.
Such a lubricant could be alcohol or
any other mood-altering substance.
Given the effects of alcohol on the
individual, alcohol may facilitate the
temporary avoidance of reality, as
well as numb the user to the
consequences and rationale behind
suicidal thoughts, ideation, and
behavior. Furthermore, the low
suicide rate in Islamic countries,
where access to alcohol is limited,
contrasted with high suicide rates in
Western countries, where alcohol use
is common,79 also suggests a
connection between alcohol use and
suicidality. This does not advocate for
repression but rather publicizes the
statistical association of suicide with
alcohol.
If alcohol and drugs are closely

related to suicidal behavior, we
cannot conclude that all users are at
risk. Although a consistent association
exists between alcohol and suicidality,
the vast majority of those with
alcohol-related problems will not die
by suicide. Therefore, it is important
to identify those individuals with
substance use disorders who might be
at particularly high risk for suicide.21

Those with co-occurring psychiatric
disease are in danger. The underlying
psychological stressors are the main
issue promoting suicidality and
alcohol abuse. Public education
regarding the relation between
alcohol consumption and suicidality
may also help to reduce suicidality
among individuals with alcohol
misuse.10

Substance abuse also increases
lethality in the suicide attempter. A
recent bivariate analysis showed that
suicide attempters with substance
abuse disorders had higher levels of
lethality than did attempters without
substance abuse.23 Suicide
completers tended to be positive for
high blood alcohol, and the authors
concluded that intoxicated
individuals are more likely to attempt
suicide through the use of more
lethal methods.24

Because of the prevalence of high
blood alcohol levels (BAL) in
individuals who commit suicide,24 all
individuals with AUDs should be
assessed for suicide. Such
assessments are especially important
at the end of a binge or in the very
early phase of withdrawal.24,25

Moreover, in a retrospective survey,
Hayward et al25 found that among 515
consecutive suicide victims in Western
Australia, 35.8 percent had some
alcohol in their blood and 24.5 percent
had BAL of greater than 0.05
percent.25 Similarly, Kraft and
Babigian26 also found 25 percent of
suicide victims from Monroe County,
New York, had BAL of 0.05 percent or
greater.26 Therefore, we posit that
individuals with BAL 0.05 percent or
greater fall under the high-risk
category for suicidality and that
individuals with BAL 0.05 percent or
greater require more attention during
suicide assessment.

Alcohol’s impact on the brain.
Alcohol (ethanol), when consumed,
is absorbed through the stomach into
the blood stream and then goes to
the brain. Alcohol easily dissolves in
fat. This property makes it easy for
alcohol to go into cell membranes
and bind to neural receptors. Alcohol
acts not only on a single
neurotransmitter but on multiple
receptors.27 This disrupts and
changes the receptor and
neurotransmitter functions. The end
result is the observed abnormalities
in intoxication and the physiologic
effects of alcohol. These physiologic

effects are dependent on the amount
consumed and the percentage
concentration of alcohol.
The ventral striatum, particularly

the nucleus accumbens, is critical in
the reward system of the brain, and
lesions in this brain region decrease
the rewarding effects of many drugs
of abuse. The main neurotransmitter
involved in the reward pathway is
dopamine. Alcohol stimulates the
dopamine pathway—reward
pathway. When a person drinks
alcohol, within seconds it goes
directly to the brain’s reward
pathway (Figure 2). Dopamine gives
pleasurable feelings. Instead of a
small surge of pleasure, it stimulates
the release of excessively high levels
of neurotransmitters, which result in
an immediate surge of extremely
intense pleasure. It is important to
note that lower doses of alcohol may
cause a person to feel good, to feel
free from fear, and to feel confident,

Figure 2. Reward pathway for alcohol

Figure 3. Connections of the amygdala. 
B = brain stem; T = thalamus; S = septal
nuclei; Hip = hippocampus; PHG =
parahippocampal gyrus; H = hypothalamus; 
OF = orbital frontal cortex; CG = cingulate
gyrus. Source: Swenson, Chapter 9: Limbic
System
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whereas in higher doses, alcohol
causes feelings of hopelessness and
depression.28 The amount of
dopamine released by alcohol can be
several times higher than the amount
released by natural means; this is
what is commonly called the
“high.”29,30 Alcohol diminishes
inhibitory control of the prefrontal
cortex and increases the pain
threshold; this may cause
uncontrolled high-risk behavior in
certain individuals under the
influence of alcohol.31

Alcohol exerts a global effect on
the brain and causes negative effects
on the limbic system, cerebral
cortex, cerebellum, hypothalamus,
pituitary glands, and brainstem.32–36

The effect of alcohol, particularly on
the limbic structures (amygdala,
hippocampus and parahippocampal
gyrus, cingulate cortex, orbit frontal
cortex, and insular cortex) is
important in suicidality (Figures 3
and 4). Limbic regions tend to have a
more primitive structure than the
neocortex and are highly
interconnected with the basal
forebrain and hypothalamus.32 The

limbic system is generally
responsible for emotions, mood,
motivation, pleasure, pain, and
hormonal secretion. As alcohol
affects limbic system, the person
may be subject to exaggerated states
of emotion: anger, aggressiveness,
isolation, and memory loss. The
orbitofrontal cortex is extremely
well-developed in humans and is
critical to judgment, insight,
motivation, and mood. It is also
important for conditioned emotional
reactions.
The prefrontal cortex receives

input from the other areas of the
limbic cortex, from the septal nuclei,
and from the dorsomedial nucleus of
the thalamus, and has reciprocal
connections with each of these
areas.37 Alcohol can damage the
prefrontal cortex, where thinking,
perception, and language are
controlled.38 Alcohol can depress
behavioral inhibition, which may
cause the person to be more
talkative, confident, and less socially
inhibited;39 this effect is the anxiolytic
effect. Alcohol can blunt the senses
and increases the threshold for pain,

limiting the perception of injury.40

The amygdala is a critical center
for coordinating behavioral,
autonomic, and endocrine responses
to environmental stimuli, especially
those with emotional content, such
as stress and anxiety. This
coordination is required for an
individual to survive. Lesions of the
amygdala reduce responses to stress,
particularly conditioned emotional
responses, such as anxiety and
happiness.37 Alcohol significantly
reduces the amygdala’s reactivity to
threat signals, and, by this
mechanism, alcohol produces its
anxiolytic effect.33

Alcohol also modulates emotional
processing in limbic and visual
regions by decreasing the difference
in activation between threatening
and nonthreatening stimuli, which
may contribute to both the anxiolytic
properties of alcohol and to risky
decision-making during intoxication.41

The hypothalamus and pituitary
glands represent a part of the limbic
system that control and influence
many autonomic and (hormonal)
endocrine functions of the brain

Figure 4. Alcohol, brain areas, and suicidality
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through actions on the medulla.
According to Sher,34 alterations

in the mechanisms that regulate
hypothalamic-pituitary-adrenal
(HPA) axis activity predate the
development of AUDs. Human and
animal studies indicate that chronic
alcohol consumption induces a
persistent impairment in the ability
of the HPA axis to respond to
stress. Therefore, HPA axis
abnormalities may contribute to the
development of AUDs and may be a
result of alcohol misuse. The HPA
axis interacts with serotonergic
mechanisms. Hippocampal function
is modulated by serotonergic
projections, mostly from the dorsal
raphe nucleus in the midbrain.34

Sher34 also reports an association
between suicidality and hyperactivity
of the HPA axis. An abnormal
interaction between the HPA
mechanisms and serotonergic
systems may substantially contribute
to suicidality in adolescents because
abnormalities in HPA and serotonin
functions may be inherited and may
manifest at a young age.
Vulnerability to AUDs and suicide
probably is due to multiple
interacting genetic loci of small to
modest effects. The identification
and treatment of adolescents at risk
for suicidality is one of the most
critical issues in adolescent
psychiatry. The identification of
alcohol and drug misuse is critical to
the proper assessment of suicide risk
in adolescents. HPA deregulation
may contribute to both alcohol abuse
and suicidality in adolescents.34

Figure 5 describes different
mechanisms for hippocampus
damage by alcohol. The fatty acid
ethyl esters (FAEs) produced in the
brain from ethanol are especially
damaging to the hippocampus. When
alcohol is degraded, FAEs are
produced in the brain. The FAEs
cause damage to the hippocampus
by activating delay rectifier K+

channels in intact hippocampal
cells.42 Adult neurogenesis within the
hippocampus is selectively impaired
in alcoholism. This may be the
mechanism mediating cognitive

deficits, and it may be due to
oxidative stress caused by alcohol.43

Ethanol can increase release of
arachidonic acid from cell
membranes, and, with increased
cyclooxygenase activity, can further
cause oxidative stress in the brain.
Hydroxyethyl free radicals derived
directly from ethanol are nearly as
damaging (to the hippocampus) as
hydroxyl radicals and are more long-
lived.44 Moreover, there is an
increased deposition of lipofuscin in
the neurons of chronic alcohol users.
Lipofuscin is the product of the
oxidation of unsaturated fatty acids
and may be symptomatic of
membrane damage or damage to
mitochondria and lysosomes.45

Previous studies found that
hippocampus in association with
cortex has very important role in
stress response, decision making and
self-destructive behavior.
The cerebellum controls fine

movements, muscle tone, balance,
and equilibrium. As alcohol affects
the cerebellum, the individual
becomes uncoordinated and loses

balance. Another mechanism for 
the motor incoordination is due to
alcohol-induced potentiation of
gamma-amino butyric acid (GABA)-
A-associated adenosine 
A2A receptors in the striatum
(caudate nucleus and putamen).35

Incoordination and loss of balance
may be appending physical factors
that might be a cause for accidental
death in persons with temporary
suicidal ideation caused by the high
impulsive drive. Alcohol depresses
the reticular activating system
(RAS), which controls judgment,
reflection, observation, attention,
impulses, restraint, and thought
processes, and may cause
suicidality.36

Proposed mechanisms. The
relationship between alcohol abuse
and suicidality is complex. Several
different possible relationships exist
between alcohol abuse and
suicidality. Alcohol by itself might
not affect suicidality, but it may be
the lubricant in the presence of
other factors that lead to suicidality;
or, alcohol abuse and suicidality may

Figure 5. Alcohol, hippocampus damage, increased self-destructive behavior, and suicidality
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each be affected by some third factor
without them being directly affected
by each other (e.g., alcohol
dependence and suicidality may be
manifestations of the same
underlying disorder, such as
depression).10 The relationship
between alcohol abuse and
suicidality can be conceptualized in
two ways. It can be explained from a
perspective of biochemical effects
and/or psychosocial effects.

Biochemical effects. Alcohol
enhances GABA receptor function46

and reversibly reduces sodium
transport in neurotransmission.47

GABA is the major inhibitory
neurotransmitter in the brain. It acts
by increasing the inflow of chloride
(Cl�) across neural membranes; this
prevents the tendency of neurons to
depolarize. Ethanol augments the
influx of chlorine ions caused by
GABA, which has much to do with
the sedative, tranquilizing, and/or
anesthetic properties of alcohol. This
causes feelings of calmness, anxiety
reduction, and sleep.48 Ethanol does
not have this effect on all GABA
receptors, only the GABA A-subtypes
(the GABA-benzodiazepine
receptors) containing subunits that
can be phosphorylated with protein
kinase C–an enzyme that normally
provides negative feedback inhibition
for receptor stimulation.
Another brain neurotransmitter

receptor most strongly affected by
ethanol is the NMDA (N-methyl-d-
aspartate) receptor for glutamic acid
(glutamate). Ethanol, especially in
high doses associated with heavy
drinking, is a potent inhibitor of the
NMDA receptor. NMDA function in
the hippocampus is associated with
memory formation through a process
known as LTP (long-term
potentiation). Ethanol produces a
dose-dependent suppression of the
magnitude of LTP. In high doses,
ethanol can block LTP almost
entirely. LTP blockage is the likely
explanation for the fact that after an
evening of heavy drinking, 30 to 40
percent of men in their late teens or
early twenties experience a blackout,
which eliminates all or part of their

memory of what occurred while
drinking.49 Alcohol tolerance and
dependence can be attributed to
compensatory synaptic plasticity,
particularly an adaptive increase in
NMDA receptors. Through inhibition
of the glutamate receptor, alcohol
causes muscular relaxation,
incoordination, slurred speech,
staggering, memory disruption, and
blackouts.48

When ethanol is metabolized, one
of its byproducts is adenosine;
adenosine acts as an inhibitory
neurotransmitter.50 Alcohol increases
the extracellular ADP levels in brain
by reducing ADP reuptake into the
cell. Increased ADP is responsible for
increased locomotor activity and
decreased motor coordination. This
behavior may contribute to the
accidental death in an individual
with suicidal ideation.
Alcohol raises dopamine levels.48

In addition to previously described
effects, dopamine also leads to
excitement and stimulation.48 A high
level of dopamine is also a
contributing factor for poor impulse
control and aggressive behavior.52

Alcohol also raises endorphin
levels,53 which kills pain and leads to
a high threshold level for pain in
those who consume alcohol.48

The complex relationship between
alcohol, aggression, impulsivity, and
suicidality can be explained by
serotonergic dysfunction.54 Alcohol
use exerts substantial effects on
serotonin metabolism.55–60 Lower
serotonin activity is tied to increased
aggression/impulsivity, which in turn
is presumed to enhance the
probability of suicidality. For
example, high-lethality depressed
suicide attempters with comorbid
alcohol dependence have lower
cerebrospinal fluid 5-hydroxyin -
doleacetic acid (5-HIAA) levels,
compared with low-lethality
depressed suicide attempters with
comorbid alcohol dependence.59

Reduced serotonin transporter
binding in the hippocampus was
found in the postmortem brain tissue
of patients with alcohol dependence.
Similarly, binding was reduced in the

5-HT1A receptors of alcohol
consumers compared with those of
subjects who did not use alcohol.
Hypofrontality in the anterior medial
prefrontal cortical area was found in
depressed patients with co-morbid
alcohol dependence compared with
depressed patients without alcohol
dependence.24 Furthermore, another
recent postmortem study on brain
tissue demonstrated that region-
specific change rather than global
serotonin blunting is involved in
alcohol dependence and suicide.61

This study tested the abnormalities
in components of the serotonin
(5HT) system in the prefrontal
cortex and its association with
suicide in alcohol-dependent
subjects. This study also suggests
that symptoms are differentially
influenced by prefrontal cortex
serotonin receptor mRNA levels.61

Psychosocial effects. External
and internal risk factors as well as
external and internal protective
factors for suicidality are described
in Figure 6. Alcohol adds risk factors
to an individual’s life, making them
more prone to suicidality, while
removing protective factors and thus
weakening an individual’s defense
against the suicidality.62,63

Several elements probably
contribute to suicidality. Alcohol
abuse exposes the person to
environmental (external) suicide risk
factors, such as job or financial loss
and relational (e.g., break-up of
marriage) or social loss. Alcohol
abuse also exposes the person to
social/cultural risk factors, such as
lack of social support and a sense of
isolation and barriers to accessing
healthcare, especially mental health
treatment.4,5,64 Partner-relationship
disruptions are strongly associated
with suicidal behavior in individuals
with alcohol dependence.10

Alcohol abuse leads to loss of self-
esteem and hence to depression, and
these psychological changes
predispose to suicidality. Moreover,
major depressive episodes and
stressful life events (especially
interpersonal difficulties) are
conceptualized as precipitating
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factors for suicidality.62 Elder age
and major medical conditions (e.g.,
cancer) are also risk factors for
suicidality.4,5 These are counted as
internal risk factors for suicidality.
When alcohol abuse combines with
these external and internal risk
factors, we posit that it increases
suicidality. Therefore, we believe
that alcohol lubricates the gears of
suicidality and reduces the friction,
which is an obstacle to suicidality.
Conner et al62 demonstrated a

model of suicidal behavior among
subjects with alcohol dependence.
According to this model,
predisposing factors that are
presumed to increase the risk for
suicide among individuals with
alcohol dependence are
aggression/impulsivity, severe
alcoholism, and hopelessness.62

Aggression and impulsivity are
related to suicidal and self-
destructive behaviors; alcohol abuse
is a precipitation factor for
aggression and impulsivity.63–65,78,80

Skog et al60 noted that a state of
intoxication might trigger self-
inflicted injuries by promoting
depressive thoughts and feelings of
hopelessness while simultaneously
removing inhibiting barriers to self-
injury. Therefore, a person under the
influence of alcohol may be more
prone to suicidality.
Alcohol constricts attention and

inhibits effective coping strategies to
avoid suicidal behavior.64 Kresnow et
al67 described disinhibition, in which
alcohol acts to remove psychologic
and physiologic barriers, leading to
self-harm. Young suicide attempters
have been found to have difficulties
with problem-solving style and
constricted thinking.68,69 The inability
to generate alternative solutions is
particularly associated with suicide
attempts; this and other stages of
problem-solving are likely to be
interfered with by alcohol.70

Despite the detrimental effects and
consequences of alcohol consumption,
the majority of alcohol abusers use
alcohol for self-medication and as a
means to escape from reality.71 Most
suicidal patients describe a lack of
pleasure in their life as a major reason

for becoming suicidal, although a
recent painful event may have a
triggering effect.72 Alcohol abusers
admit that they are frequently bored
and turn to their substance of choice
mostly to get high or to feel good
rather than to relieve some specific
discomfort.72

Genetic predisposition.
Interestingly, alcohol misuse and
suicidal behavior may have a genetic
link (e.g., 5-HTTLPR) involving
serotonergic dysfunction.73,74 It has
been suggested that the
polymorphism in intron 7 of the
tryptophan hydroxylase (TPH) gene
has a significant link to suicidality
and alcohol.54,75

CONCLUSION
On the basis of current available

literature, we conclude that alcohol
reduces “barriers” for suicidality
through its biochemical and psycho-
social mechanisms. Alcohol by itself
is not necessarily a primary cause for
suicidality; however, in the presence

of other risk factors (e.g., psychiatric
or medical illness, financial loss, and
relationship issues) alcohol acts as a
lubricant to suicidality. More studies
are required to confirm this finding.
It is important to note that
suicidality also depends on BAL.
During the literature review, we
noted that BAL greater than 0.05
percent is a high risk for suicidality;
however, there are few data available
for this finding, and there is room for
further research on this subject.
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